We provide evidence that these cooperative interactions are not due to a non-specific global 32 factor and discuss alternative proposals, such as thalamo-cortical gating. 33 34 Tested competitive interactions among positive and negative task-evoked regions 48 • Positive and negative regions exhibited positive coupling at trial and run levels 49 • Smaller competitive effects seen in BOLD-behavior correlations 50 • Strong cooperative effects not due to a non-specific common global factor 51 52 eTOC 53 Csumitta et al. show that positive and negative BOLD responses do not exhibit cortical 54 competition among corresponding brain regions. Rather, these networks display positive 55 coupling. The spatial distribution of positive coupling aligned with behavioral correlations, 56 suggesting normal, cooperative network interactions.
Introduction posterior cingulate, superior temporal sulcus (STS), and the temporal pole while making 84 decisions about pictured objects. However, Positive responses are found in these same regions 85 when the task involves comprehension of verbal stimuli (Binder et al., 2010; Ezra et al., 2010;  86 Mar, 2011) , learning facts verbally about unfamiliar people (Simmons et al., 2010) 
97
Taken together, these relationships and methodological factors motivated us to re-98 examine the mechanistic proposal in (Fox et al., 2005b) and to do so in the context of a specific 99 experimental task rather than during the resting state: In a context in which both Positive and 100 Negative responses are observed, are these responses really generated by competitive 101 interactions between networks? In principle, interactions could be competitive, cooperative, or 102 even independent, with regions dynamically coupling and uncoupling depending on the 103 momentary task demands (see Figure 1) .
104
In the current study, we use BOLD fMRI to examine what type of dynamics accompany 105 Positive and Negative responses during visual object identification. We employ a slow event-106 related design in order to isolate the responses to individual trials, permitting independent 107 calculation of trial-level response amplitude variability from the shape and sign of the trial-108 averaged evoked responses (Positive versus Negative). In the context of this design, we can 109 6 formulate the following two predictions: 110 1. If competitive dynamics explain Positive and Negative responses (i.e. they reflect a 111 single underlying mechanism), then the amplitudes of the corresponding trial-level responses 112 should exhibit negative correlations over the full spatial extent of these regions (see Figure 1a ).
113
In contrast, positive correlations should be observed with cooperative dynamics and correlations 114 near zero should be observed for independence. 
138
Both of these predictions were assessed using BOLD fMRI in 40 participants, who were 139 scanned while naming aloud pictures of common objects. Naming responses and corresponding 140 RTs were recorded using an MRI-compatible microphone. We employed multi-echo (Power et al., 2018) . Following the assessment of the main predictions, we also examined the 146 potential for residual global sources of variation (artifactual or otherwise) to mediate the 147 observed results.
149

Results
150
Identification of Positive and Negative regions. Participants completed a picture 151 naming task consisting of 100 unique photographic images of animals, plants, and everyday 152 objects presented across 2 scan runs, each consisting of 50 images. We employed a slow 153 event-related fMRI design to permit the isolation of the peak BOLD response associated with 154 individual trials. Responses and corresponding naming RTs were obtained using a noise-155 cancelling microphone for each trial. Positive and Negative voxels in the brain were identified 156 during picture naming using the group-average beta coefficients. Group-average betas for each 2002)). We then required replication across the two runs (either significantly Positive or 161 Negative in both runs) in order to define Positive and Negative regions of interest (ROIs). At the 162 FDR-corrected statistical threshold, Positive voxels constituted one large mask of contiguous 163 voxels (Figure 2a ; Table S1 ), whereas Negative voxels were organized into eight more 164 restricted Negative ROIs (see Figure 2 ; Table S1 ). The 8 Negative ROIs were then used as 165 seeds for a form of whole-brain functional connectivity analysis, permitting us to examine prediction, we first isolated the peak BOLD responses for each correct trial from the de-noised 178 data (an average of the 2nd and 3rd TRs on each trial, chosen to be consistent with a typical 179 peak BOLD response of 4-8 s post-stimulus). We then performed a whole-brain, seed-based 180 correlation analysis from the 8 Negative ROIs using these single-trial responses as "item series" 181 (rather than time series). In contrast to the competitive dynamics proposal, there were no 182 significant (or even numerical) anti-correlations found with any Positive voxels at the group level 183 (see Figure 3a ). Indeed, these correlations were modestly positive, ranging from 0.2 to 0.3 in 184 magnitude (see Table S2 ). ROIs and Positive voxels (see Figure 3b ). Indeed, the positive correlations were present across 220 all three of these analyses (in the 0.2-0.3 range; Table S2 ). Taken together, these results are in 221 conflict with the competition hypothesis.
222
Prediction 2 results: correlation between trial-level BOLD magnitude and behavior.
223
In the previous analyses related to prediction 1, we failed to find evidence of competition 224 between Positive and Negative brain regions at the trial and run levels. Instead, we observed 225 modest positive coupling consistent with cooperative dynamics, and this coupling did not Table S3 ). In 235 the remaining two Negative ROIs, the correlations were near zero. Taken in isolation, these 236 results support the competition hypothesis. However, the mean correlation values overall were 237 much smaller than the positive coupling levels observed between Negative ROIs and Positive 238 voxels (values less than 0.1 compared to values between 0.2 and 0.3; see Table S3 ), and 239 negative BOLD-RT correlations were also observed in several Positive regions (see Figure 4c Positive voxels also show a negative correlation with RT, which was unanticipated and is 253 difficult to account for using a competitive dynamics proposal. See also Table S3 .
254
Given the seeming conflict between the results related to predictions 1 and 2, we next 
296
In contrast to the expectation of arousal and other global effects plus competition, the 297 strongest positive correlations from Negative regions tended to be in the same Positive voxels 298 that were most associated with task performance in picture naming (see Figure 6 ). A more 299 continuous comparison of these distinct correlation maps within the large Positive mask also 300 revealed significant positive (Spearman rank) correlations between the seed-based beta weight 301 results and the RT correlations, as well as between seed-based trial-level correlations and RT 302 correlations (Table 1; 
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